Abstract: Population aging is associated with the increased incidence cancer and of degenerative diseases. Population aging is occurring on a global scale, with faster aging projected for the coming decades than has occurred in the past. Globally, the population aged 60 years and over is projected to nearly triple by 2050, while the population aged 80 years and over is projected to experience a more than fivefold increase. Increased numbers of older individuals may have implications for associated expenditure on income support, housing and health services, although a healthy, independent older population can also form a valued social resource, for example in providing care for others, sharing skills and knowledge, and engaging in volunteer activities. Simple dietary measures such as moderate wine consumption to supplement a healthy exercise and nutrition routine, or as an adjunct to prescription medicines when appropriate, are thus needed to maintain an aging population. The role of wine in cancer and the degenerative diseases of aging is thus discussed.
Introduction
Damage to DNA, lipids, and proteins by reactive oxygen species (oxidative free radicals) has been implicated in accelerated aging, degenerative diseases including cancer, 1 Alzheimer's disease 2,3 and Parkinson's disease, 4 as well as cardiovascular disease. These diseases of old age are expected to increase significantly over the next few decades as people increasingly survive beyond the age of 80 years. 5 Consequently there is interest in identifying lifestyle factors and molecular mechanisms that can minimize the risk of these debilitating conditions.
There is a clear J-shaped relationship between alcohol consumption and the risk of cardiovascular disease which has been extended to a reduced risk of certain cancers. [6] [7] [8] Data is now accumulating which suggests that the regular and moderate consumption of alcohol may reduce the risk of Alzheimer's disease, bone mineral density, chronic obstructive airways disease, diabetes, disorders of the immune system, gallstones, gastrointestinal diseases, kidney stones, osteoporosis, rheumatoid arthritis, and agerelated visual impairment, or macular degeneration in addition to psychological or social benefits. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] While the literature defines consistently light to moderate consumption as 20 to 40 g alcohol/day, [21] [22] [23] [24] several studies have defined moderate consumption as up to 80 g alcohol/day for men, 25, 26 which may reflect country and cultural differences in alcohol consumption. 27 Above moderate consumption the risk of alcohol-related diseases increases dose-dependently. 28 The chemical components of wine purportedly primarily responsible for these therapeutic effects are ethanol and the At the same time as the therapeutic effects of the phenolic compounds are observed, however, the phenolic compounds appear to undergo extensive first-pass phase II metabolism in the small intestine and in the liver. 29 Metabolites conjugated with methyl, glucuronate, and sulfate groups are the predominant forms present in plasma, but these are usually not measured in human clinical studies, 30 although they actually be the biologically active chemical components. The paucity of human data, in particular, on the pharmacokinetics and pharmacodynamics of the phenolic compounds and their metabolites warrants more research, using escalating doses in accurately controlled human clinical studies in conjunction with reliable and established biomarkers.
Wine consumption and the risk of cancer
Alcohol consumption per se has been associated with an increased risk of developing cancer of the mouth, pharynx, esophagus, stomach, liver, colon and rectum. [31] [32] [33] [34] The level of alcohol consumption that increases risk has not been determined and there are usually other risk factors for cancer, which confound determination. 35 The risk of cancer of the mouth, tongue and larynx, however, is associated with the number of alcoholic drinks per day. While it is unlikely that alcohol itself causes cancer to develop, alcohol may act in conjunction with other cancer-inducing compounds or carcinogens. Indeed, both while alcohol consumption and smoking both independently increase the risk of these cancers, the risk is amplified if individuals both drink and smoke. [36] [37] [38] In addition, alcohol consumption has been associated with an increased risk of breast cancer, particularly in women who have a family history of breast cancer. [39] [40] [41] [42] [43] [44] [45] [46] [47] From a pooled analysis of data, the relative risk increases by 1.09 for each 10 g alcohol (equivalent to one standard drink) consumed per day up to 60 g. Consumption above 60 g/day is not associated with a further increased risk. 48, 49 It has been suggested that consumption patterns may modify risk, 50 such that the consumption of 40 to 50 g alcohol/session may increase the risk by 50% compared to the consumption of only one 10 g alcohol/session. Paradoxically, alcohol dependence does not increase the risk of breast cancer. 51 Regular and moderate wine consumption has, however, been associated with a decreased risk of mortality from certain cancers, 6, 52 although the risk increases progressively with immoderate consumption. Briggs and colleagues, 53 for example, calculated that the moderate consumption of wine decreased the risk of non-Hodgkin's lymphoma by approximately 20% to 40%, in particular in individuals who began consuming wine as young adults, and similar decreases in risk were observed for aerodigestive tract and lung cancers. [54] [55] [56] The light to moderate consumption wine decreased the risk of lung cancer in contrast to beer and spirits 57 Also in contrast to beer and spirits, the moderate consumption of wine shows null associations with, or reduces the risk of colorectal cancer at three subsites (proximal colon, distal colon, and rectum). 52, 58 The risk of prostate cancer was observed only to increase above a threshold of 40 g alcohol in the form of red wine per week. 59 Renaud and colleagues 18 suggested, however, that the risk of mortality from all cancers may be decreased by approximately 20% when 20 g alcohol in the form of wine are consumed daily. Genetic damage is a risk factor for the formation and progression of cancer. 1 Oxidative free radicals also cause mutation of DNA sequences and breakage of DNA strands. 60 For example, when the genetic material or DNA of cells is damaged, the characteristics of the cell are altered causing it to malfunction or die. It is the excess occurrence of dead cells and mutant cells in the body that ultimately accelerates diseases of old age. A number of factors may contribute to this damage, including chemical genotoxins, lifestyle factors (diet, exercise and the environment), and medical therapies including radiotherapy and cytotoxic drugs. Oxidizing agents such as hydrogen peroxide and ionizing radiation cause chromosome breakage and loss, as well as cell death. 61, 62 Potential mechanism of action: Role of wine-derived phenolic compounds on DNA A diet high in fruit and vegetables has been associated with a reduced risk of cancer, and this has prompted researchers to investigate whether any of the wine-derived phenolic compounds might protect cells and DNA from damage leading to cancer by inhibiting the oxidizing agents. 1, [63] [64] [65] A link between cardiovascular disease and cancer is an elevated micronucleous frequency, which is a biomarker of DNA damage. 66 The results from numerous in vitro and animal studies suggest that individual and collective wine-derived phenolic compounds may be protective against DNA damage. Fenech and colleagues 67 showed that following the acute consumption of red or white wine there was a significant increase in the antioxidant capacity of plasma, which reduced the oxidative damage to DNA from hydrogen peroxide in vitro and ex vivo. This was the first evidence that moderate wine consumption Wine in cancer and degenerative diseases Dovepress submit your manuscript | www.dovepress.com Dovepress could minimize the DNA-damaging effects of oxidizing agents. The observation that the duration of this protective effect was diminished by eight hours post-consumption, implied that the regular consumption of wine is important to maintain a protective effect. Leighton and colleagues, 68 using different biomarkers of DNA damage, has also recently shown that the short-term consumption of red or white wine, in particular in combination with a Mediterranean diet, could significantly reduce DNA damage in both elderly men and women. Interestingly, the women consumed half the amount of wine consumed by the men but showed a similar reduction in extent of DNA damage. No cellular mechanism of action has, however, been determined. Greenrod and Fenech 69 demonstrated that although ethanol exacerbated oxidative stress and hence DNA damage, the wine-derived phenolic compounds significantly countered the oxidative stress as well as the additive effects of ethanol; DNA damage was reduced by approximately 45% at approximately two hours post-consumption when de-alcoholized wine was consumed in moderation. Whole red wine also reduced DNA damage but to a lesser extent. Two studies were undertaken and the first was an in vitro study which tested human plasma or whole blood from four healthy male subjects aged 20−25 years that was spiked with different wine components for protection against hydrogen peroxide and ionizing radiation induced DNA damage. The components examined were ethanol, glycerol, tartaric acid, and caffeic acid/catechin mixture and compared to a Riesling wine stripped of phenolic compounds and a control salt solution, which was a diluent for the wine components. The components were added at 2.5% and 10% of the concentration observed in wine, where 2.5% corresponds to the concentration observed in the body fluids of a 60 kg volunteer after consuming 300 mL (approximately three glasses) of white wine. The cells were then analyzed via the cytokinesis block micronucleus assay, which enables chromosome or DNA damage to be scored. 70 Greenrod and Fenech 69 observed that the phenolic compounds, such as catechin and caffeic acid, and the mixture including these components, significantly decreased baseline DNA damage and DNA damage caused by ionizing radiation in vitro. It was observed that the ethanol component significantly increased base-line DNA damage, but the mixture that included both ethanol and the phenolic compounds completely countered the DNA damaging effects of ethanol. These effects were observed for both the 2.5% and 10% concentration of the components, although the protective effect of the phenolic compounds was most significant for the 10% concentration. The component mixtures, also produced the strongest protective effects against DNA damage by hydrogen peroxide. The protective effects of the mixture did not account for the expected additive protective effects of the individual components, which suggests that the components may be exerting their effects through similar mechanisms, which are saturated at the concentration tested. These observations suggest that the primary phenolic components of wine can reduce the DNA damaging effects of two important oxidants, hydrogen peroxide and ionizing radiation, in a physiologically relevant in vitro system. The second study undertaken by Greenrod and Fenech 71 was an ex vivo study in which blood from six healthy male subjects analyzed for its resistance to DNA damage induced by hydrogen peroxide or ionising radiation, following the consumption of 300 mL red wine, dealcoholized red wine or a model wine (12% alcohol solution). The subjects were placed on a plant phenolic compound free diet for 48 hours prior to each study day. The results of this study showed a clear protective effect of the dealcoholized red wine, an aggravating or negative effect of ethanol and an intermediate but protective effect of whole red wine. The most significant protective effects were observed at two hours post consumption. These results were important in verifying that it is the phenolic component of wine that has DNA-protective properties in blood and body tissues. A DNA-protective effect against the hepatic carcinogen or oxidizing agent, 2-nitropropane, was also observed in a rat animal model administered with a mixture of wine of phenolic compounds, 72 but was not observed against 2-dimethylhydrazine, which is a colon carcinogen. These results imply that the phenolic component may not protect DNA against all oxidizing agents.
Potential mechanism of action: Role of wine-derived phenolic compounds on cell cycle and apoptosis
Other researchers have examined the effect of specific wine-derived phenolic compounds on cancer, in particular, resveratrol (stilbene), quercetin (flavonol), catechin (flavanols) and gallic acid (hydroxybenzoic acid). These wine-derived phenolic compounds appear capable of inhibiting cellular events at each of the three steps involved in the development of cancer: initiation, promotion, and 73 while catechin protected against the heterocyclic amine 2-amino-3-methyl-imidazo [4,5-f] quinoline (IQ)-induced aberrant crypt formation in male F344 rats. 74 Other plausible mechanisms for the potential cancer-protective effects of the wine-derived phenolic compounds include: inhibition of the cell growth or proliferation resulting from arrestation at one or more phases of the cell cycle, which then activates apoptosis of cells; inhibition of DNA synthesis by inhibiting ribonucleotide reductase or DNA polymerase; and apoptosis by modulation of signal transduction pathways that regulate the cell cycle, by altered expression of primary enzymes such as cyclooxygenases and protein kinases, including modulation of tumor suppressor genes. [75] [76] [77] These are in addition to the removal of reactive oxygen species.
Resveratrol appears to have been the most widely examined phenolic compound over the past decade. In 1997, Jang and colleagues observed that 1−25 µM resveratrol inhibited the initiation and promotion of hydrocarbon-induced skin cancer in a mouse model as well as the progression of breast cancer in the same model. In human cancer cell lines, resveratrol has been observed to inhibit or suppress the growth and proliferation of, for example, breast, colon, prostate and oral squamous cancer cell lines. [78] [79] [80] [81] [82] [83] [84] These studies also suggest that the DNA-protective effect of resveratrol is dosedependent. Latruffe and colleagues 85 examined the effect of resveratrol on two different human tumor cell lines, and has shown that resveratrol is actually taken up by the cells, whereupon it is conjugated and released into the cell medium by the hepatic HepG2 cells and to a lesser extent by colorectal tumor SW480 cells. 21 Phenolic compounds may not be antiproliferative or active against all tumor cell lines, however, as no uptake and conjugation was observed with cells from the intestine. Elattar and Virji 78 examined the effect of quercetin alone and in combination with resveratrol on human oral squamous carcinoma cells (SCC-25), and showed that quercetin is an equipotent inhibitor of SCC-25 cell growth and DNA synthesis, but the combination of quercetin and resveratrol was most potent. 86 Studies have shown that resveratrol also possesses chemopreventative activity against colorectal cancer.
87,88
Schneider and colleagues 87 showed that treatment of CaCo-2 human colon tumor cells with 25 µM (5.7 mg) resveratrol inhibited cell growth by 70%. The cells accumulated at the S/G2 phase transition of the cell cycle. Furthermore, resveratrol significantly decreased the activity of the polyamine biosynthesis enzyme, ornithine decarboxylase, which is enhanced in tumor cell growth. Wolter and colleagues 88 showed that inhibition of cell CaCo-2 human colon tumor cells with resveratrol was dose-dependent (12.5−200 µM).
88
A lower concentration of resveratrol (50 µM) perturbed cell cycle progression from the S to G2 phase whereas a higher concentration led to reversal of the S phase arrest. A similar activity was observed for HCT-116 human colon tumor cells, which indicates that cell cycle inhibition by resveratrol is independent of cyclooxygenase inhibition. Recent research, however, suggests that the chemopreventative activity of resveratrol at physiological doses is primarily linked to its ability to induce cell division cycle arrest and mitochondrial apoptosis, the latter through activation of pro-apoptotic proteins such as Bax, as well as independently of Bax. 89 This ability is also independent of the p53 tumor suppressor activation.
89

Effect of wine on diabetes mellitus
The prevalence of diabetes mellitus is escalating worldwide and its incidence is projected to increase from about 135 million in 1995 to 300 million in 2025. 90 Type 2 diabetes mellitus, which accounts for more than 85% of all incidences of diabetes mellitus, is a disorder characterized by resistance to the effects of circulating insulin. This disorder leads to a substantial increase in risk of cardiovascular disease, which is the major cause of mortality, accounting for up to 80% of all deaths in individuals with type 2 diabetes mellitus; [91] [92] [93] the ageadjusted relative risk of death due to cardiovascular disease is approximately three-fold higher than in the general population. Approximately 30% to 60% of diabetic patients have hypertension. 94, 95 In addition, patients with type 2 diabetes mellitus have coexistent lipid disorders characterized by increased blood triglycerides and reduced HDL-cholesterol, as well as hemostatic and fibrinolytic abnormalities. 93 Apart from obesity and physical inactivity there are few well-established modifiable risk factors for type 2 diabetes mellitus. Recent evidence suggests, however, that alcohol consumption may be a potentially modifiable risk factor for type 2 diabetes mellitus and a J-shaped relationship has been observed between level of alcohol consumption and risk of developing diabetics in both men and women. [96] [97] [98] The risk of developing type 2 diabetes mellitus was observed to be most reduced for women when their daily consumption was between 15.0 g to 29.9 g alcohol. 98 Indeed, as in the 101,102 A J-shaped relationship has also been observed between insulin sensitivity and level of alcohol consumption, where the moderate consumption of alcohol has been observed to improve insulin sensitivity, possibly by reducing the concentration of free fatty acids in blood. 103, 104 In turn, the improved insulin sensitivity lowers the concentration of insulin, glucose and triglycerides in the blood, and increases that of HDL, while LDL particles become less dense, less adherent and less easily oxidized. Altogether, this reduces the risk of developing type 2 diabetes mellitus, as well as improving control of blood glucose and reducing the risk of cardiovascular disease in type 2 diabetic. 105, 106 Following the consumption of 120 mL to 240 mL wine daily for 30 days fasting serum insulin concentration was also lowered. 107 Patients with diabetes mellitus have other risk factors for cardiovascular disease such as a decreased total antioxidant capacity of plasma and concomitant increased LDL oxidation post-prandially. 108 , 109 Ceriello and colleagues 110 observed, however, that the consumption of red wine with food in type 2 diabetic patients decreased LDL oxidation post-prandially. 111 Furthermore, the post-prandial hypoglycemia experienced in diabetes mellitus, which activates coagulation, 112 was decreased by the consumption of red wine. The consumption of red wine by fasting type 2 diabetic patients, however, did not decrease either LDL oxidation or coagulation. Landrault and colleagues 113 also investigated whether wine-derived phenolic compounds increased the total plasma antioxidant capacity in an insulin-deficient diabetic rat model, as well as affecting glycemia or blood sugar concentration, the biomarker of diabetes. Following the medium-term administration of both phenolic-enriched white wine and dealcoholized phenolicenriched white wine, the total plasma antioxidant capacity of the diabetic rats was increased to the level of nondiabetic rats and the level of glycemia reduced by 15% to 20%. This suggests that moderate wine consumption may also attenuate the debilitating hyper-and hypoglycemic symptoms of diabetes.
Furthermore, increased inflammation via an increase in circulating pro-inflammatory cytokines has been observed in both diabetic and nondiabetic patients and to be involved in the pathogenesis of cardiovascular complications such as endothelial dysfunction after a myocardial infarction. 114 Winederived phenolic compounds have anti-inflammatory actions including inhibition of reaction oxygen species in neutrophils, monocytes and macrophages. 115, 116 In subjects with diabetes, red wine consumption, taken with meals, significantly reduces oxidative stress and the circulating concentration of pro-inflammatory cytokines from lymphocytes and macrophages such as C-reactive protein, tissue necrosis factor-alpha and interleukin-6, as well as improving cardiac function after a myocardial infarction.
117
Effect of wine on metabolic syndrome
Displipidemia in combination with hypertension and hyperglycemia often occur together in susceptible individuals, and is referred to as the 'metabolic syndrome'. 118 The dislipidemia or blood lipid disturbance relates to being overweight or obese (BMI greater than 30 kg/m 2 ), especially in individuals who store their fat in the abdominal area. An excess of toxic free fatty acids in the blood stream may cause or contribute to the insulin sensitivity and impaired insulin function observed with this syndrome, which generally eventually develops into type 2 diabetes mellitus. Metabolic syndrome is considered as a multiplex risk factor for cardiovascular disease. 119 The obese (BMI greater than 30 kg/m 2 ) and severely obese (BMI greater than 35 kg/m 2 ) are at increased risk of type 2 diabetes, cardiovascular morbidity and mortality. In a study of 486 severely obese subjects, consumers of alcohol showed a marked reduction in the prevalence of type 2 diabetes compared with non-consumers. 120 A J-shaped relationship was observed between both the amount and frequency of alcohol consumption and the plasma concentration of fasting triglyceride, fasting glucose, glycosylated hemoglobin A1c and insulin measurements. Consumers of less than 100 g of alcohol/week had more favorable insulin measures, with insulin sensitivity best in those consuming 20 to 100 g alcohol/week. Of the 276 alcohol consumers, 165 nominated wine as the alcoholic beverage most frequently consumed, and they were observed to have a significantly lower fasting insulin level and improved insulin sensitivity. In addition, when the subjects went on to have a laparoscopic adjustable gastric band placed to help them lose weight, those subjects consuming more than 100 g alcohol/week, especially wine, had significantly better weight loss (50.4% of excess weight lost (EWL) at the end of the first year) than those with nil or negligible consumption (40.1% EWL). Those consuming 20 to 100 g/week had an intermediate outcome (45.4% EWL).
An inverse association between wine consumption and metabolic syndrome was also observed in both 1138 nonobese and 395 obese female wine consumers compared with 
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abstainers, although the amount of wine consumed was not considered. 121 When amount of alcohol was considered in a similar dietary study of 4153 subjects (with a mean BMI of 25.8 and 25.3 kg/m 2 for men and women, respectively), moderate alcohol consumers (20 to 45 g alcohol/day) had a lower prevalence of metabolic syndrome and type 2 diabetes compared with abstainers, light consumers and heavy consumers, where wine was preferentially consumed by 29% of the subjects. 122 In contrast to Dixon and colleagues, 120 the amount of alcohol and wine consumption was related to body weight as observed in other studies. 123 Data from the US National Heart, Lung and Blood Institute Family Heart Study suggest that there is actually a J-shaped relationship between the prevalence and risk of metabolic syndrome and alcohol consumption per se, 124 associated with an increased HDL concentration and a lowered triglyceride concentration and improved insulin sensitivity. Such a J-shaped relationship has also been observed for wine consumption where the lowest prevalence was observed at 10 to 30 g alcohol/day as wine. 125 
Potential mechanisms of action
As an alteration has been observed in the relationship between the concentration of the amino acid homocysteine, and that of folate and vitamin B12, as people lose weight, 126 the 464 severely obese patients were also studied for any relationship between both the amount and type of alcohol consumption and concentration of plasma homocysteine, an amino acid, during fasting. 120 A higher plasma concentration of folate and vitamin B12 is needed to maintain the concentration of homocysteine as weight is lost. A J-shaped relationship was observed whereby light to moderate alcohol consumption up to 100 g/week was associated with a lower and more favorable plasma concentration of homocysteine compared with nonconsumers. The lower concentration of homocysteine in regular alcohol consumers was associated with a higher concentration of the micronutrient folate. Red wine consumers had a significantly lower mean fasting concentration of homocysteine compared with nonconsumers, beer and spirit consumers, and white wine consumers, even after controlling for sex, age, and body weight, and plasma concentration of folate and vitamin B12. The mechanisms for a beneficial effect of red wine consumption on the plasma concentration of homocysteine are unclear, and other studies have conversely suggested that above moderate alcohol consumption is associated with an increased plasma concentration of homocysteine. 127, 128 A high plasma concentration of homocysteine is also another risk factor for atherosclerosis, endothelial dysfunction and cardiovascular disease. [129] [130] [131] It is now proposed that the development of the metabolic syndrome may be related to a deficiency in endothelial nitric oxide synthase (eNOS) given that eNOS knockout mice present a cluster of risk factors for cardiovascular disease comparable with those of metabolic syndrome, such as hypertension, insulin resistance and dyslipidemia. 132 Human eNOS polymorphisms have since been associated with hypertension, insulin resistance and diabetes, with inflammation and oxidative stress markers and with albuminuria. [133] [134] [135] [136] As insulin resistance impairs endothelial function, diabetics experience impaired insulin-induced, nitric oxide-mediated vasodilation, which extended, may eventuate in hypertension. [137] [138] [139] Wine consumption has been associated with improved endothelial function and vasodilation in animals and humans. 140 For example, red grape juice, wine and dealcoholized red wine, as well as specific wine-derived phenolic compounds as catechin and quercetin, have been observed in animal, in vitro and in vivo to relax vascular endothelial smooth muscle, by inducing or up-regulating eNOS, thereby inducing the synthesis and release of nitric oxide from endothelial cells. [141] [142] [143] [144] [145] [146] [147] Accordingly, the protective effects of moderate wine consumption may be attributed to the wine-derived phenolic compounds and their ability induce NO synthesis, in addition to modulating vascular tone by regulating other endothelial factors such as inducing the production of endothelium-derived hyperpolarizing factor, 148 and inhibiting the expression of endothelin-1 (ET-1). 149, 150 ET-1 is a potent vasoconstrictor peptide and its overproduction is another risk factor for atherosclerosis.
Effect of wine on cognitive function
Over the last five years, evidence has accumulated which suggests that the J-shaped relationship could also be extended to a reduced risk of cognitive dysfunction. Cognitive function is defined as the intellectual or mental processes by which knowledge is acquired, including perception, reasoning, acts of creativity, problem-solving and possible intuition.
Cognitive dysfunction or impairment is associated with increased disability and an increased need for institutionalized care, especially in an aging population over 65 years of age. Dementia is a form of cognitive dysfunction whereby an individual loses the ability to think, remember and reason due to physical changes in the brain.
Prior to a study by Zuccala and colleagues, 26 there was conflicting evidence on the relationship between alcohol consumption and cognitive function. 25, [151] [152] [153] [154] [155] [156] [157] Zuccala and colleagues 26 analyzed the association between alcohol consumption and cognitive impairment in 15,807 hospitalized Wine in cancer and degenerative diseases Dovepress submit your manuscript | www.dovepress.com Dovepress older patients who were enrolled in an Italian multicentre pharmacoepidemiology survey. The probability of cognitive impairment was reduced among male patients who reported an average daily alcohol consumption of 1 L or less of wine, as compared with abstainers, but the probability increased among heavier drinkers. Among women, only the lightest-drinking category (0.5 L) showed a decreased probability of cognitive dysfunction when compared with abstainers, whereas heavier drinking was associated with an increased probability of cognitive impairment. The prevalence of alcohol abuse was similar among participants with cognitive impairment (0.9%) and those with normal cognitive functioning (1%). The results of this study indicated that 40 g alcohol/day for women and 80 g for men is associated with reduced probability of cognitive impairment as compared with abstinence, after adjusting for potential confounders. This nonlinear association persisted when cerebrovascular and Alzheimer's disease were considered separately. Such a nonlinear association might explain the conflicting results of previous studies regarding the relationship between alcohol consumption and cognitive functioning.
The observed gender difference in amount of alcohol consumption necessary for improved cognitive function, confirms that observed by Elias and colleagues, 25 who showed that 'superior' cognitive performance was found with in the range of approximately 40 to 80 g/day for men but only approximately 20 to 40 g/day for women, compared to abstainers. Forty grams and 20 g alcohol/day for men and women, respectively, are at the upper end of the moderation range. [21] [22] [23] [24] Subsequent studies have also independently assessed the association between alcohol consumption and cognitive function and have affirmed the observations of Zuccala and colleagues 26 but have also provided more detailed data. [158] [159] [160] [161] [162] For example, Reid and colleagues 161 in a study of 760 US men aged 65 years or older showed that current light to moderate alcohol consumption which was considered as up to approximately 70 g/week, compared to abstinence, had better cognitive function. In particular, processing speed, which is the ability to perform tasks requiring rapid visual scanning and mental processing of information, was better even after adjusting for potential confounders such as education and occupation. In addition, the study assessed the effects of cumulative lifetime alcohol consumption on cognitive function and showed that the number of years of light to moderate alcohol consumption was strongly associated with better cognitive function. Results from a small survey study by McDougall and colleagues 160 also suggested that men aged 65 years or older who drank moderately had significantly less depression, higher self-reported general health and higher cognitive function, flexibility and verbal memory.
Several studies had shown that the association between alcohol consumption and cognitive function is stronger for women than for men, which may simply reflect a gender difference in cognitive function or perhaps a misclassification of moderate alcohol consumers. Such a gender difference was not, however, observed by in a longitudinal study of 1624 Japanese American men and women aged over 65 years. 163 Other studies which assessed women specifically, such as the US Nurses' Health Study, suggested that for women aged 71 to 80 years, up to 15 g alcohol/day did not impair cognitive function and actually improved it compared to abstinence; 159 the women also had a decreased risk of cognitive impairment of approximately 20%. No significant differences were observed in cognitive performance or risk between beer and wine consumers. Furthermore, a study of women aged 65−80 years, showed that women consuming any alcohol performed better on tests of verbal knowledge, fluency and memory, and figural memory, attention and working memory and motor speed compared to abstainers (p  0.05). 164 After covariate adjustment, mean scores were higher among women reporting 10 g alcohol/day by 5.7% for verbal knowledge (p  0.001) and by 5.7% for phonemic fluency (p = 0.004), compared to abstainers.
Potential mechanisms of action
The beneficial effects of alcohol on the risk of cardiovascular and cerebrovascular diseases, such as heart attacks and strokes, have been partly attributed to changes in lipid and hemostatic or blood flow factors. 165 These changes include alcohol-induced increases in the concentration of high density lipoprotein-cholesterol and the thrombolyic proteins tissue type plasminogen activator activity and tissue type plasminogen activator antigen, and alcohol-induced reductions in fibrinogen, and clotting cofactors factor VII and von Willebrand factor. These changes are also associated with atherosclerosis which is the accumulation of atheromatous plaques containing cholesterol and lipids on the innermost layer of the walls of large and mediumsized arteries. As atherosclerosis has been associated with both Alzheimer's disease and vascular dementia, it had been suggested that any beneficial effect of alcohol on atherosclerosis could be expected to benefit these major subtypes of dementia by preserving brain vasculature, consequently resulting in better cognitive function. Wright and colleagues, 162 however, showed that the appearance 166 where pronounced reductions in the risk of both vascular dementia and Alzheimer's disease have been shown among persons consuming 10 to 60 g alcohol/week. 167 Indeed, there is also evidence which suggests that a light to moderate amount of alcohol may stimulate the release of acetylcholine in the hippocampus leading to improved cognitive function such that a light amount of alcohol in normal subjects appears to improve memory for events experienced before consumption where the impairment of memory performance by chronic and heavy alcohol consumption parallels the reduction of acetylcholine neurotransmission. 168 
Effect of wine on Alzheimer's disease and dementia
The immoderate or excessive consumption of alcoholic beverages is associated with an increased risk of dementia probably directly resulting from the neurotoxic effect of ethanol or indirectly from concomitant malnutrition/ nutritional deficiencies or trauma. 169 The moderate consumption of alcoholic beverages, however, has been associated with comparatively better cognitive function in two studies: The Zutphen Elderly Study 170 and the Honolulu Asia Aging Study. 171 A third study, The Rotterdam Study, demonstrated that moderate alcohol consumption reduced the risk of vascular dementia in particular, and also that of Alzheimer's disease in individuals aged 55 years or older, 172 which is supported by the results of other studies by Huangand colleagues 173 and Mukamal and colleagues. 167 Alzheimer's disease is a complex, late-onset disorder characterized by the loss of memory and multiple cognitive functions, which is associated with the presence of intracellular neurofibrillary tangles, extracellular amyloid-β peptides, synaptic failure and mitochondrial dysfunction. 174 In these prospective population-based studies, moderate consumption was defined as one to three drinks/ day. It has been suggested that ethanol may directly stimulate the release of acetylcholine in the hippocampus, which is associated with learning and memory. 175 In a rat model, a moderate concentration of alcohol (0.8 g/kg) stimulated the release of acetylcholine while a higher concentration (2.4 g/kg) inhibited its release. 176 Four studies have further suggested that moderate wine consumption is associated with a lower risk of dementia and specifically Alzheimer's disease. [176] [177] [178] [179] [180] [181] In the prospective population-based study by Orgogozo and colleagues 176 the sole source of alcohol was wine for 95% of consumers, which did not allow for beverage differentiation. In the Copenhagen City Heart Study (1991−1994) and in the Washington Heights InwoodColumbia Aging Project (1991−1996) , however, only wine was associated with a lower risk or incidence. 180, 181 In the latter study, a lower risk was confined to wine consumers without the APOE-epsilon 4 allele, which is implicated in atherosclerosis, Alzheimer's disease, and impaired cognitive function, possibly influencing the increased deposition of amyloid-β in the brain as it is less effective compared to other alleles at facilitating the proteolytic break-down of this peptide, both within and between cells. 182 Amyloid-β is a core component of the plaque or lesion found in the neocortex and hippocampus of diseased brains. Resveratrol, but not catechin or quercetin, decreased the level of intracellular amyloid-β produced by different cell lines expressing the wild type of Swedish mutant amyloid-β precursor protein (APP 695 ) by promoting its intracellular degradation. 183 This mechanism was proteasome-dependent, that is, resveratrol appeared to activate the proteasome involved in the degradation of amyloid-β, as the resveratrol-induced decrease of amyloid-β could be prevented by several selective proteasome inhibitors and by siRNA-directed silencing of the proteasome subunit β5.
183
Supplementation of diet with antioxidants such as α-tocopherol may also improve cognitive function and slow functional deterioration.
184
Effect of wine on Parkinson's disease
A potential role for wine in Parkinson's disease has been less well studied although it is the second most common neurodegenerative disorder after Alzheimer's disease. It is has been linked to increased levels of oxidative and nitrosative stress, 185, 186 and is characterized by a progressive loss of dopaminergic neurons in the substantia nigra pars compacta region of the brain and the appearance of Lewy bodies and neurites which comprise insoluble amyloid-like fibrils that contain the protein alpha-synuclein. Oxidative stress apparently promotes the aggregation of alpha-synuclein. 187 A reduced risk of Parkinson's disease has been observed for [188] [189] [190] which did not distinguish between alcoholic beverages. Such a reduced risk has, however, been specifically shown for wine consumers where an inverse relationship between amount of wine consumed and risk was observed; the lowest risk was observed for wine consumers of approximately 140 to 420 g alcohol/week. 191 Wine-derived phenolic compounds such as catechin and epi-catechin have recently been observed in vitro to inhibit the formation of alpha-synuclein fibrils, and to destabilize preformed fibrils.
192
Conclusions
The protective effect of moderate wine consumption against cancer, diabetes, metabolic syndrome, cognitive dysfunction, including dementia and Alzheimer's disease, and Parkinson's disease has been consistently observed over the past five years. Indeed, there is sufficient epidemiological evidence and plausible biological mechanisms to support the J-shaped relationship between moderate wine consumption and risk of cardiovascular disease that can be extended to cancer and to other degenerative diseases that are often inter-related. [193] [194] [195] Thus, while excessive wine consumption should be avoided, it would appear safe and reasonable to recommend the continuation of light to moderate wine consumption in those already imbibing. A high level of risk factors for cancer and any degenerative disease, however, can mitigate any protective effects of moderate wine consumption. In addition, the effects of the excessive consumption of wine may be additive to any other risk factors for disease, increasing the risk by two to three-times.
Disclosure
The author reports no conflict of interest in this work.
